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ABSTRACT

Maximum Sound Output Levels of Pediatric Marketed Headphones: The Development of
Healthy Listening Habits in Children
by
Adrienne L. Ammirati

Advisor: Barbara Weinstein, Ph.D., CCC-A

Background: In recent years there has been a growing concern regarding the etiology of
pediatric hearing loss. Based on cross-sectional studies of data produced by the National Health
and Nutrition Examination Surveys, the incidence of hearing loss in US adolescents (age 12-19
years) has increased from 14.9 to 19.5% from 1988-2006 (Shargorodsky, Curhan, & Eavey,
2010) (Brooks & Chan, 2017). Many individuals suspect the leading contributor of this to be
frequent exposure to unsafe listening conditions (Muchnik, Amir, Shabtai, & Kaplan-Neeman,
2012) (Brookhouser, Wothington, & Kelley, 1992).
Presently there are no government issued regulations on the maximum sound output
levels for headphones sold in the U.S. Though a handful of studies have been conducted to
investigate the output levels of commercially available headphones, none have utilized
calibrated, scientific equipment or have focused on pediatric headphones specifically. This study
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looks to measure and analyze the maximum output levels of pediatric headphones to determine if
they are capable of reaching levels that may be harmful to a child’s auditory system.

Method: Output measurements were obtained in a calibrated sound booth using a Larson Davis
sound level meter connected to a preamplifier with one-inch microphone attached. Each
headphone under investigation was then connected to the preamplifier with a 500g force placed
on top of the earphone to simulate the force of the band against the skull. Using an iPhone X
MP3 player, the same song was presented to each headphone. The exact dBA fluctuations were
measured throughout the duration of the song via the calibrated sound level meter to ensure that
an accurate maximum output level was recorded. The data collected was then analyzed further to
determine maximum output levels of each headphone under investigation.

Results: Of the sixteen products tests, 88% of them exceeded the World Health Organization
(WHO) and the National Institute of Occupational Safety and Health (OSHA) recommended
85dBA safety limit. Additionally, of the twelve products tested which marketed themselves as
being volume limiting, only 16.7% of them were able to adhere to their own restrictions.
Products ranged from maximum outputs of 114.5 dBA (Elecder- I37 Kids Headphones) to
81.7dBA (AILIHEN-HD50 Kids Headphones).
Devices were then categorized based on predicted duration until damage, assuming a
steady output at or near the maximum output level obtained. The results of this ranged from
upwards of 17.2 hours. All the way down to 32.4 seconds.
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Lastly, average dBA output levels for each category (high-end, mid-level and low-end)
were derived. Results suggest that lower-end devices on average produced greater dBA outputs
than did either the mid-level or high-end devices.

Conclusion: Pediatric marketed headphones are capable of reaching levels that could result in
auditory damage. The results of this study should be used to highlight the importance of not only
mandating but strictly enforcing a government issued regulation on maximum sound outputs for
pediatric marketed headphones sold in the United States. In addition, further action must be
taken to help inform and educate parents about the potential risks the associated with extended
headphone usage.
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INTRODUCTION

There is no denying that as a society, we are engrossed in our technology. We are living
in the height of the digital age which has brought with it its own trials and tribulations. One of
which related to the use of technology by young and developing children. It is not uncommon to
see a three-year-old child independently watching YouTube videos while out to dinner with their
parents. Technology has become the new distraction device. Gone are the days of simple blocks
and coloring books. Today’s children are unimpressed by these outlets as they have been
conditioned to the use of technology. The developmental implications of this shift have been
highly researched but what has been given less attention is the effect this may have on the
auditory systems of children. According to a recent report from the World Health Organization
(WHO), 1.1 billion children, adolescents and young adults are at risk of developing noise
induced hearing loss as a consequence of frequent exposure to high sound levels in noisy
environments and through the use of personal listening devices (World Health Organization,
2015). According to the National Health and Nutrition Examination Surveys (NHANES), the
incidence of hearing loss in US adolescents increased from 14.9% in 1988-1994 to 19.5% in
2005-2006 (Shargorodsky, Curhan, & Eavey, 2010) (Brooks & Chan, 2017). This equated to
roughly one in five adolescents, which is undeniably an alarmingly high percentage. The
increasing levels of hearing impairment in adolescents has been linked to increased noise
exposure that this population is experiencing on a daily basis (Su, & Chan, 2017). Though not all
of these instances of pediatric noise induced hearing loss can be directly linked to headphone
use, the risk associated with their use warrants further investigation.
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A major factor in the danger of noise induced hearing loss is the lack of education and
awareness in those at risk. Most continue with these dangerous listening habits without
understanding that with each exposure they are putting themselves at greater risk of hearing loss.
By definition, noise induced hearing loss is hearing loss as the result of the exposure to loud
sounds. Anatomically, the process of noise damage is rather straight forward. Within the inner
most part of your ear lies the coveted cochlea. This tiny little organ, only nine millimeters in
diameter, is equipped with thousands of tiny hair cells that act as sensory receptors to encode and
transmit the acoustic signals we hear into electrical stimuli that travel via the auditory nerve to
the brain for decoding and processing. When a loud sound is introduced into the cochlea via the
mechanical motion of the stapes footplate on the oval window, the fluid within the scala vestibuli
is set into motion. This motion then acts to displace the vestibule membrane and by effect the
fluid within the scala media. Within the scala media lies the tectorial membrane which rest atop
the inner and outer hair cells. Louder sounds will result in a larger displacement of the tectorial
membrane with can act with damaging forces on the cochlear hair cells. Unfortunately, once the
damage is done it cannot be reversed leaving our hair cells unable to accomplish their biological
purpose. This can lead to significant listening and communication difficulties. It is also important
to understand that the loudness of a sound is not the only factor in determining the risk for noise
induced hearing loss. The frequency, duration and temporal pattern of the incoming sound also
plays a role in determining its impact.

Several researchers have also supported the theory that cochlear damage as the result of
noise exposure does not only affect the structure and integrity of sensory cell bodies, but also
their synaptic junctions. A phenomenon called cochlear synaptopathy, which can be defined as
the dysfunction within the afferent inner hair cell cochlear synapses which result in the
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disruption or deterioration of the information exchange between the cochlea and the brain, is
often one of the first indications of noise induced hearing damage (Fernandez, et al., 2020)
(Kujawa & Liberman, 2006) (Kujawa & Liberman, 2009). Typically, these synapses degrade
slowly over the duration of one’s life. However, studies have shown that noise exposure which
does not cause permanent threshold damage can nevertheless cause a rapid loss of roughly 50%
of the synaptic connections within inner hair cells effected (Kujawa and Liberman, 2009).
Studies have also reported that the damage associated with cochlear synaptopathy can occur at a
lesser noise dosage and intensity levels then typical noise induced hearing loss (Fernandez, et al.,
2020). The concern with this however is that the cochlear damage associated with synaptopathy
is often not measurable on a standard audiogram as it does not always produce measurable
threshold shifts (Barbee, et. al, 2018) (Liberman, Epstein, Cleveland, Wang, & Maison, 2016).
Distortion product and transient evoked otoacoustic emissions measures OAE’s are also
ineffective in determining this damage as only pre-synaptic function is needed to elicit these
responses (Liberman, et. al., 2016). Therefore, it would be inappropriate to determine the
existence of cochlear damage solely based on measurable threshold shifts or absent DPOAE
responses.
Most researchers discuss cochlear synaptopathy as a form of “hidden hearing loss” in
adults who present with normal thresholds and robust OAE’s but report significant difficulties
understanding speech in noisy environments (Fernandez, et al., 2020) (Kujawa & Liberman,
2006). Little is known however about the impact that cochlear synaptopathy could have on
today’s generation of children. Researchers Kujawa and Liberman (2006) sought out to answer
this question by investigate the exacerbating effects that noise exposure could have on agerelated hearing loss via animal studies. Their findings support the notion that noise exposure in
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young mice (4-8 weeks) can lead to disproportionally greater thresholds shifts than those
observed in older mice (96 weeks). Additionally, when comparing unexposed mice and exposed
mice, they found that the effects of noise exposure at a young age can continue to progress for
years after exposure and result in a measurable difference in cochlear nerve degeneration
between the two groups. Ultimately, Kujawa and Liberman suggest that the observed neural
degeneration of the exposed youth population of this study can be used to support the notion that
early noise exposure in human children can exacerbate the damage associated with age-related
hearing loss despite the fact that no significant changes in threshold sensitivity existed post initial
exposure.

With typical noise induced hearing loss, studies have shown that our high frequency
hearing above 2 kHz is most susceptible to noise damage (McBride & Williams, 2001).
Audiologically, it is believed that the most characteristic sign of noise induced hearing loss is a
threshold notch at 4 kHz (Wilson, 2011) (McGill and Schuknecht, 1976) (Liu et al., 2015).
However, researcher McBride and Williams conducted a study to assess the link between a 6kHz
notch and noise induced hearing loss. They concluded that, although 4kHz remained the most
common audiologic sign of noise damage. Individuals that were exposed to transient, single time
exposures to acoustic trauma (i.e explosions) did present with a higher occurrence of 6kHz
notches (McBride & Williams, 2001). It should be noted that a 4kHz notch is not observed in
everyone with a history of noise exposure. Those who have been regularly exposed to loud
sounds over 85 dBA for extended time often no longer present with this notch due to the fact that
the exposure has damaged the surrounding areas of the cochlea thereby not allowing for
threshold recovery to exist at 6-8kHz.
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Noise induced hearing loss is often categorized as either occupational, having to do with
exposure as the result on one’s work environment, or recreational, having to do with enjoyment
activities, in nature. While occupational noise damage is often the result of repeated exposure to
high noise levels over a prolonged duration. Recreational noise damage can result from a single,
transient exposure to dangerously high sound levels that result in immediate acoustic trauma.
Unfortunately, hearing loss is not the only side effect of these damaging sounds. Many
individuals with noise induced hearing loss also suffer from tinnitus or the perception of ringing,
hissing, or buzzing in the ear that cannot be attributed to an outside source. Depending on its
perceptual severity, tinnitus can have a profound impact on an individual’s quality of life. Those
suffering with bothersome tinnitus often reports disruptions in their sleep, depression, mental and
physical fatigue, stress, irritability, and anxiety (Mener, Betz, Genther, Chen, & Lin, 2013).

A shocking 2009 study determined that Apple Inc. products have the capacity to reach
maximum sound output levels of 100-115 dB (Wen, 2009). Interestingly enough, the same study
determined that European models of the same technology are limited to 100 dBSPL, while U.S.
models have the means to go even louder. This discrepancy in output levels can be attributed to
the fact that there are currently no government issued regulations on maximum sound outputs for
headphones sold in the United States. This raises a huge concern when you take into account that
roughly half of the regular iPod users in today’s society are adolescents. Of 6,100 teens surveyed
over 44 states 78% owned iPhones. 100% of iPhone owning teens stated they listen to music or
other media services using their iPhones (Jaffray, 2017). Research has shown that younger
personal listening device users, particularly teenagers, are more likely to listen to their devices at
higher sound levels of 85 dB A or greater, than adult users (Rideout, Foehr, & Roberts, 2010).
However, both populations reported listening at higher levels when in the presence of
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background noise (Kawada, 2004) (Vasconcellos, Kyle, Gilani, & Shin, 2014) (Kim & Han,
2018). Additionally, research suggested that insert earphones tend to be increased to higher
levels and generate higher outputs than noise canceling, supra-aural headphones, to overcome the
interference from environmental noise (Kawada, 2004) (Shim, Lee, Koo, & Kim, 2018)
(Kepplerm, et al., 2010). According to the National Institute for Occupational Safety and Health
(NIOSH), the permissible exposure limit for a 100dBA sound is only 15 minutes. Once a
listener exceeds this allotted time, they are placing themselves at risk for noise induced hearing
loss. According to Rideout, Foehr, and Roberts (2010), children between the ages of 8 and 18
years old devote, on average, 7 hours and 38 minutes a day listening to entertainment media via
headphones Additionally Fligor, Levey & Levey (2014) determined that the average listening
levels for adults within the New York City area via personal listening devices was 94.1 dBA
(61.9%). At this level it is only safe to listen for roughly one hour. If these listening habits
continue, children and adolescents may result in an increase in pre-mature onset of recreational
noise induced hearing loss than have been seen in previous generations.

Today, it is increasingly becoming more and more common for children to be utilizing
headphones in the same/similar manner for which adults use them (i.e. watching tv, listening to
music, playing games, etc.). Limited research has been conducted to investigate the potential
risks this may lead to in terms of noise induced hearing loss. Though the OSHA & WHO deemed
85dBA to be a “safe” level for child headphones– this is neither enforced nor strictly followed by
various manufacturers.

A limited study conducted by Dragan and Butterworth (2020) revealed that half of tested
headphones exceeded the 85dB output. Though previously no research existed which exclusively
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investigated the maximum sound output levels of pediatric marketed headphones. A recent 2019
study produced by Wirecutter, a New York Times Company, did just this. Researchers Dragan
and Butterworth investigated the maximum sound output levels of 30 pediatric headphones and
determined that most of them exceeded the WHO recommended 85dB volume limit. They also
took their study in another direction by testing if different devices were able to result in different
maximum decibel outputs for the same headphone. They found that devices with stronger
amplifiers than mobile phones, i.e. home theater systems, PC computers and gaming systems, are
all able of pushing every single headphone tested into dangerous ranges. Despite the fact that
various products claim to be “safe” for children, the manufacturers producing these products fail
to provide any evidence for this being the case.

Though the research discussing the potential risks related to portable listening devices is
vast, the amount of scientific studies is limited. Fligor and Cox (2004) investigated the output
levels of different commercially available CD players in combination with a variety of earphone
styles on a KEMAR device to determine the theoretical listening duration and volume setting
that would constitute as “hazardous noise dose” based on the established damage-risk criteria.
Each headphone was tested using a single standardized output (white noise) and eight music
samples from eight different genres. The headphone styles consisted of insert, supra-aural,
vertical and circum-aural. Researchers concluded that output levels from all devices and
headphones were capable to reaching levels that constitutes “toxic noise exposure”. Maximum
output levels from these personal listening devices and headphone combinations were reported to
be as low as approximately 91 dBA to as high as 130 dBA. Additionally, the output levels were
found to be varied across different manufacturers of CD players and style of the earphone.
However, it was found that, generally, smaller insert earphones produced higher sound pressure
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levels compared to bigger headphones. Lastly, based on recommendations by the National
Institute of Occupational Safety and Health, researchers determined that for supra-aural
headphones one can only listen for one hour if the volume control of their device is set to 70% of
maximum gain. After which the individual risks damaging noise exposure (Keppler, et al., 2010).

Torre (2008) measured the output SPL of personal listening devices at the level of the ear
canal of 32 volunteer participants at four subjective loudness categories: Low, medium, loud and
very loud. Using the Fonix 6500-CX hearing aid test system (Frye Electronics, Inc., Tigard, OR)
to obtain the probe microphone measures within the ear canal at a standardized insertion depth of
28 mm to reduce the interference of standing waves. The Fonix test system was controlled with
Noah 3 interface software and used to determine the mean dB SPL of the music track (“Rock the
Casbah” by The Clash) delivered to the earphone of the participant’s test ear. This study used a
single set of insert earphones and the same Apple iPod for each participant. Their results showed
that mean output SPLs values were 62, 72, 88 and 98 dB SPL for low, medium, loud and very
loud categories respectively. Based on these measurements they concluded that output SPLs
produced by personal listening devices at medium or loud volume control settings may not be
hazardous, as most of the participants reported they listen to music at these volume control
settings for about 1 to 3 hours a day. However, it is important to recognize that the determined
mean output SPL values are based on subjective classifications of what each participant
determined to be low, medium, loud and very loud. Therefore, it is likely that each participant
did not set the “very loud” level to the maximum gain of the device (Torre, 2008).

Kumar, Mathew, Alexander, and Kiran (2009), specifically looked at output levels
produced by newer generation personal listening devices (mobile phones, iPods, and MP3
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players). To do this, they measured the sound pressure levels using a sound level meter (Quest
1800) generated in the ear canal by inserting a probe microphone (Siemens Unity Ver 2.7) in the
canal at a fixed insertion depth (28 mm). The participant pool consisted of 100 adults that were
divided into the control group (30) and the experimental group (70). They were grouped based
on self-reported usage amounts. Individuals reporting regular use of personal listening devices
were placed in the experimental group, and the later were placed in the control group. Output
levels were measured in three conditions: 1) at the volume control setting that was preferred by
the subject in quiet 2) at the volume control setting that was preferred by the subject in presence
of bus noise and 3) at the maximum volume control settings of the instrument. This study
focused more on the effects these three conditions may have on the hearing sensitivity by
comparing the distortion product otoacoustic emissions and high frequency pure tone thresholds
(from 3 kHz to 12 kHz) of individuals who use personal listening devices to that of age matched
controls who did not use personal listening devices. Researchers allowed each participant to use
their own personal listening device and headphones. Though the findings of Kumar, Mathew,
Alexander, and Kiran supported the notion that music listener are putting themselves at risk by
listening at high levels, they did not take into account that, as previous studies have shown, each
device and headphone are capable of generating different maximum dBA outputs (Kim & Han,
2018) (Shim, Lee, Koo, & Kim, 2018) (Fligor & Cox, 2004). Additionally, the researchers did
not publish the mean outputs for each device at their respective maximum levels, leaving their
concluding remarks without supporting data (Kumar, Mathew, Alexander, & Kiran, 2009).

Kim and Han (2018) were the only researchers to measure the SPL of different personal
listening devices using an artificial ear and coupler setup in a sound-treated room. They
investigated the differences between three major companies (Samsung Electronics, Apple, and
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LG Electronics) to determine the sound pressure levels that can be generated for three different
genres of music. Six smartphones were tested, two from each company: Galaxy S6, Galaxy Note
3, iPhone 5S, iPhone 6, LG G2, and LG G3. The same headphones were used for all smartphones
(MDR-E9LP, SONY Co., Japan). One ear bud was inserted into the sound analysis system which
consisted of a 2cm^3 coupler, an artificial ear, a sound level meter, and a personal computer.
Putty was used to seal the earbud to the coupler opening and the computer software, BZ-5503
Measure Partner Suite, was used to analyze the sound pressure levels.
Wen (2009) recently revisited the “60-60” rule of thumb which was developed in the
1970’s during the age of cassette tape players. The “60-60 Rule” suggested that a listener should
not exceed 60% of the maximum volume for 60 minutes or less per day. Fligor (2004) explained
that although many personal listening devices found today have maximum output levels less than
that of traditional cassette players. These new technologies provide the listener with seemingly
endless hours of entertainment. Thereby, increasing the risk of noise damage as the result of
prolonged exposure. In lieu of this, Fligor (2004) suggested that listeners should adopt the “8090 Rule” by limiting the volume control to 80% of the maximum and listening to their devices
for no more than 90 minutes a day. The unfortunate truth is that according to a 2010 study
conducted by the Kaiser Family Foundation, children between the ages of 8 and 18 years old
devote, on average, 7 hours and 38 minutes a day listening to entertainment media via
headphones (Jaffray, 2017) (Rideout, Foehr, & Roberts, 2010). Additionally, a study conducted
by Fligor, Levey & Levey (2014) determined that the average listening levels for adults within
the New York City area via personal listening devices was 94.1 dBA (61.9%).
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The information outlined above raise concerns as even at mild levels hearing loss can
affect the education process. Although children with mild hearing loss often develop speech and
language normally. Additionally, a longitudinal study conducted by Bess, Dodd-Murphy and
Parker (1998) found that when appropriate educational services are not provided, these children
tend to have a lower academic performance then do their normal hearing peers. The same study
found that children with mild hearing loss are also at a greater risk of failing a grade all together.
The fear with noise induced hearing loss is that it will affect otherwise auditorily healthy
children. Because these children will have developed speech and language appropriately, the
onset of hearing loss will most likely be overlooked or misdiagnosed as a behavioral and/or
learning disability.

The purpose of this study was to measure the maximum output levels of commercially
available pediatric headphones to determine their potential capability of reaching levels that may
be harmful to a child’s auditory system. The information obtained through this study will shed a
very important light on the potential risks associated with pediatric headphone usage and will be
used to develop an educational resource for parents, caregivers and teachers that will inform
them of ways to educate their children about noise-related dangers and work towards developing
healthy listening habits.

METHODOLOGY
Materials:
Device Selection
The criteria for headphone selection was rigorous and included many different facets.
Table 1 outlines all sixteen products tested in this study and as well as the features they include.
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It was first determined that supra aural headphones, as opposed to insert earphones, would be
under investigation for the study. Whether it is due to the ease of use, durability or fun design
options, supra-aural headphones are leading the consumer market with regards to pediatric
headphones. Additionally, all devices selected must have the ability to be hard wired to an MP3.
However, products with the duel ability to stream via Bluetooth and cord were not excluded. The
reasoning behind this decision is interesting. First, a hardwire connection is always more reliable
which is crucial when obtaining quantifiable data. Second, a specific feature can be installed into
corded devices which allows them to reduce the overall volume output through the use of a
resistor within the cable (Dragan & Butterworth, 2020). However, it is important to note that
this feature only works if the headphones are properly connected to the device. The resistor will
only function in a single direction. Therefore, if the cord direction is somehow switched, this
intended safety feature becomes useless. Also, it is important to note that not all corded wires
come equipped with this. Headphones can also be categorized as either passive or active. Passive
headphones tend to be more affordable but come with fewer bells and whistles. These
headphones can use the resistor feature within the cord but do not have any additional features
within the headphone themselves. Active headphones often utilize a digital limiter, either an
internal amplifier or a digital processor, within the headphone which allows for a stricter cut off
output. Additionally, active headphones often employ noise reduction technology which utilizes
phase cancellation to reduce the perceptual loudness of any given media by overcoming the
effects of ambient noise on desired listening level. For the purposes of this study, both active and
passive headphones were selected for investigation. Finally, all products selected must be
marketed to the pediatric population (0-18 years of age).
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During the development of this study, consideration was dedicated to determining
whether or not to only include pediatric headphones which have been marketed as volume
limiting. All pediatric headphones regardless of their marketing claims were included. The
reason for this is quite simple. Most parents are unaware of the risks associated with noise
induced hearing loss and/or the potential for the development of unsafe listening habits via
headphone use. Therefore, most parents are not exclusively purchasing devices which claim to
have decibel output limits. This study will however dedicate a portion of its analysis
investigating any differences which may exist between headphones which claim to be output
limiting and those that do not.

In an attempt to evaluate a range of different products, headphones were selected from
three different price points. High end, mid-level and low-end headphones. High end headphones
included those priced at $45.00 and above. Mid-level headphones included those priced between
$15.00 and $44.99. This leaves products priced at less than $15.00 within the low-end category.
Table 1 below shows the three price ranges by color; high-end indicated in blue, mid-level in
green, low-end in orange. These color distinctions will continue throughout the coming analysis.
With these categories, the goal is to determine if lower end headphones place children at a
greater risk for noise induced hearing loss than higher end devices.
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Figure 1: Devices Under Investigation
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Product

Manufacturer

Price

Active or
passive

$79.99

Wired or
duel
capabilities
Duel

Active

Marketed as
volume
limiting
Yes- 85dB

BT2200
Premium Kids
Headphones
JuniorJams

Puro Sound Labs

Puro Sound Labs

$59.99

Duel

Active

Yes- 85dB

ProKids
Premium
BuddyPhones
Explore
Play+
headphones
Connect+ Pro

LilGadgets

$49.95

Dual

Passive

Yes-93dB

Onanoff

$29.99

Duel

Passive

Yes- 85dB

Snug

$29.99

Wired

Passive

Yes- 93dB

LilGadgets

$26.95

Wired

Passive

Yes-93dB

Jr 300-OnEarheadphones
for Kids
HS15 Kids
Headphones

JBL

$24.95

Wired

Passive

Yes-85dB

iClever

$16.99

Wired

Passive

Yes- 94dB

HD50 Kids
Headphones
Premium
headphone for
Toddlers
CH6 Kids
Headphones

AILIHEN

$15.98

Wired

Passive

Yes-85dB

Nenos

$14.99

Wired

Passive

Yes- 93dB

Mpow

$14.99

Wired

Passive

Yes- 85dB &
94 dB limit

K11 Kids
Headphones

Noot Products

$12.99

Wired

Passive

No

M2 Kids
Headphones

PowMee

$10.99

Wired

Passive

No

I37 Kids
Headphones
L-01 Wired
Kids
Headphone
Plug n Play
Kids
Headphones

Elecder

$10.99

Wired

Passive

No

LORELEI

$7.49

Wired

Passive

Yes- 85dB

Snug

$6.95

Wired

Passive

No

Table 1. Description of Devices Included in Study
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Procedures:

Equipment Setup

No human subjects were used in the collection of data for this study. Maximum decibel
output levels were measured using an ANSI standard Larson Davis system #824 sound level
meter (SLM). Measurements were obtained within a calibrated sound both to ensure that
environmental/background noise did not affect the baseline measurements. A total of three trials
we run on each set of headphones in a randomized order. All measurements were obtained within
a single test session using an identical protocol.

The sound level meter was connected to the preamplifier (Larson Davis model #
AED100) equipped with a one-inch microphone (Larson Davis model #2575) and accompanying
coupler (Larson Davis model #MAE100.1) (Figure 2). Once appropriate set up was completed,
the SLM was turned on and the Serial Communication Parameters were set to the recommended
000 serial address and Hdwr flow control. Immediately before testing, calibration was run on the
SLM. This was performed using a Larson Davis precision calibrator (model #CAL250). The
reading showed 114.0dB. This is within the acceptable range of accuracy of +/-0.2 dB of 114dB
at 251.2Hz. Each headphone under investigation was then connected to the preamplifier with a
500g force placed on top of the earphone to simulate the force of the band against the skull
(Figure 3).
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Figure 2. Preamplifier (right) With 500mg Force Weight (left)

Figure 3. Data Collection Setup
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Measurement Protocol

Each headphone under investigation was then connected to the preamplifier with a 500g
force placed on top of the earphone to simulate the force of the band against the skull. Using an
iPhone X MP3 player, the same song was presented to each headphone. To more accurately
reflect media in which a pediatric population would stream, the song “Can’t Stop the Feeling!”
released on May 6th, 2016 by Justin Timberlake was selected. This song was selected for two
main reasons. First, it was released on the soundtrack from the popular children’s film Trolls
(2016). Second, it reached number one status on the US Billboard Hot 100, opening with
379,000 downloads in its first week making it wildly popular among all ages. The SLM was
activated at the start of each test run and monitored the dBA fluctuations throughout the duration
of the song to ensure that an accurate maximum output level was recorded. The data collected
was then analyzed based on the maximum output levels reached by each headphone under
investigation for each of the three trials. An average max dBA output was then derived, and
results were analyzed by the averages.

Finally, the rationale behind using the A-weighted decibel (dBA) scale to measure the
sound pressure levels generated by different headphones is that the dBA scale takes into account
the properties of human hearing, in that different frequencies result in different perceived
intensity levels [20]. Additionally, the ear canal of children is much straighter and shorter than in
adults. With this reduced length, one can expect that the SPL reaching the tympanic membrane
in children will be even higher than that reaching the adult tympanic membrane (increasing
distance between the TM and headphone will decrease the SPL). in children will be even higher
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than that reaching the adult tympanic membrane (increasing distance between the TM and
headphone will decrease the SPL).

RESULTS

The maximum sound output levels for all seventeen products tested are shown in Table 2.
Every single product tested which marketed themselves as volume limiting exceeded its
described limits, with the exception of the Lorelei- L-01 Wired headphones. The smallest
maximum dBA output, produced by the Lorelei - L-01 Wired headphones, was measured at 85.0
dBA. The greatest maximum dBA output, produced by Elecder – I37 Kids Heaphones, was
measured at 114.5 dBA. Only two products, the Loreli- L-01 Wired headphones and AilihenHD50 headphones, were able to adhere to the recommended 85 dBA volume limit put in place
by the World Health Organization and the National Institute of Occupational Safety and Health
(NIOSH).

Table 2. Maximum Output Levels (dBA) Produced by Devices.

Product

Manufacturer

Trial #1
(dBA)

Trial #2
(dBA)

Trial #3
(dBA)

BT2200 Premium
Kids Headphones

Puro Sound Labs

86.3

86.4

86.2

Average
Max dB
output
(dBA)
86.3

JuniorJams

Puro Sound Labs

91.5

92.2

92.1

91.9

ProKids Premium

LilGadgets

97.9

98.0

97.9

97.9

BuddyPhones
Explore
Play+ headphones

Onanoff

88.2

88.2

88.2

88.2

Snug

100.4

100.5

100.3

100.4

Connect+ Pro

LilGadgets

104.9

105.0

105.0

105.0
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Jr 300-OnEarheadphones for
Kids
HS15 Kids
Headphones
HD50 Kids
Headphones
Premium
headphone for
Toddlers
CH6 Kids
Headphones
CH6 Kids
Headphones
K11 Kids
Headphones
M2 Kids
Headphones
I37 Kids
Headphones
L-01 Wired Kids
Headphone
Plug n Play Kids
Headphones

JBL

88.6

88.7

88.5

88.6

iClever

108.3

108.3

108.2

108.3

AILIHEN

81.2

82.2

81.8

81.7

Nenos

98.4

98.5

98.3

98.4

Mpow(94dB
Limit)
Mpow (85dB
Limit)
Noot Products

103.9

104.0

104.0

104.0

98.1

97.5

97.8

97.8

110.5

110.5

110.5

110.5

PowMee

113.8

114.4

114.2

114.1

Elecder

114.5

114.5

114.5

114.5

LORELEI

85.0

85.1

84.9

85.0

Snug

102.1

102.2

102.2

102.2

Products were then organized from based on their maximum dBA output levels from
loudest to softest shown in Figure 4. Coming in the top spot were the Elecder- I37 Kids
headphones with a maximum output of 114.5dBA. The PowMee- M2 Kids Headphones were
next with a maximum output of 114.1dBA. Followed by the Noot Products- K11 Kids
Headphones with a maximum output of 110.5dBA. At these levels, these three headphones are
capable of producing volumes that would be roughly equivalent to a car horn less than 16 feet
away or shouting in one’s ear (National Institute for Occupational Safety and Health, 2018).

The next five products were capable of producing outputs between 100 and 110dBA,
roughly equivalent to a loud concert or sporting event (National Institute for Occupational Safety
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and Health, 2019). Coming in with a maximum dBA output of 108.3, the iClever-HS15 Kids
Headphones took the fourth spot. Next came the LilGadgets- Connect+ Pro with a maximum
output of 105dBA. Followed by the Mpow-CH6 94dB limiting headphones with a maximum
output of 104dBA. Then the Snug-Plug N Play headphones with a 102.2dBA maximum output.
And finally, the Snug- Play+ headphones with a maximum output of 100.4dBA.

The next seven products were capable of producing outputs between 80 and 99.9 dBA,
roughly equivalent to lawnmowers, power tools, and motorcycles (National Institute for
Occupational Safety and Health, 2019). Highest in this group was the Nenos-Premium
headphones for toddlers with a maximum dBA output of 98.4. Next were the LilGadgetsProKids Premium headphones with a maximum output of 97.9dBA. Followed by the MpowCH6 85dB limiting headphones with a maximum output of 97.8dBA. Then the Puro Sound LabsJunior Jams reaching levels of 91.9dBA. In the thirteenth position were the JBL- Jr 300-OnEarheadphones for Kids with a maximum output of 88.6dBA. Closely followed by the most
expensive device tested, the Puro Sound Lab- BT2200 Premium Kids Headphones with a
86.3dBA maximum output.

The remaining two products were the only ones capable of achieving the 85dBA
recommended safety limit. The LORELEI-L-01 Wired kid’s headphones did not exceed
85.0dBA during any of the three trials. Lastly, the AILIHEN- HD50 kid’s headphones were
limited to a maximum output of 81.7dBA. At these levels, parents can be assured that their child
is safe to listen to their devices for extended durations (up to 8hrs) at a time.

21

Average Max dBA Output

140
120
100
80
60
40

20
0

Devices

Figure 4. Average Maximum dBA Output as a Function of Devices.

According to NIOSH, for every increase of 3 dBAs over 85 dBA, the permissible
exposure time allowed before causing damage is reduced by half [28]. Figure 5 and table 3 show
the permissible exposure time for continuous dBA noise levels prior to risking auditory damage.
To determine this reference duration the following equation, outlined in NIOSH’s Criteria for A
Recommended Standard Handbook, was used: (Berger, Megerson, & Stergar, 2009).

Duration= 8/(2^((L-85)/3))). Where L= exposure level (dBA)
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Figure 5. Duration of Headphone Usage Until Damage as a Function of Devices.

Duration Until Damage
Product

Hours

HD50 Kids Headphones

17.15

L-01 Wired Kids Headphone
BT2200 Premium Kids
Headphones
BuddyPhones Explore

Minutes

Seconds

8
5.92
3.81
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Jr 300-On-Earheadphones
for Kids
JuniorJams

3.48
1.62

CH6 Kids Headphones

0.42

25.2

ProKids Premium
Premium headphone for
Toddlers
Play+ headphones
Plug n Play Kids
Headphones
CH6 Kids Headphones

0.41

24.6

0.099

5.94

Connect+ Pro

0.079

4.74

HS15 Kids Headphones

0.037

2.22

K11 Kids Headphones

0.022

1.32

M2 Kids Headphones

0.01

0.6

36

I37 Kids Headphones

0.009

0.54

32.4

0.36
0.23
0.15

21.6
13.8
9

Table 3. Duration of Safe Headphone Use

As the results suggest, the level of technology certainly does play a factor in overall
safety of the devices (Figure 6). Within the higher-level category, despite the fact that 100% of
the products exceeded the 85 dBA volume limit the average maximum output within this
category was 92.03 dBA. Although yes, at this level the auditory system of children is put at risk.
When comparing this to both the mid-level and low-end technologies, 92.03 dBA doesn’t seem
so bad. The average maximum output within the mid-level category was 95.80 dBA and the
average within the lower-end category was an astonishing 104.01 dBA. Additionally, the top
three highest dBA outputting devices fell within the lowest end technology level.
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Average dBA output level

106
104
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100
98

96
94
92
90
88
86
High-end

Mid-level

Low-end

Device Category

Figure 6. Device Category Versus Average Maximum dBA Output

As indicated in Table 1, two products under investigation, both manufactured by Puro
Sound Labs, utilized an active volume restrictor system which is advertised to parents as having
an 85dB volume limit. A factor in how this 85dBA limit is reportedly achieved is through the use
of a volume limiting audio cable. However, as previously stated, this cord must be inserted into
the headphones in a specific direction. If inserted incorrectly, the resistor within will not perform
its intended function. Written in the user manuals for each product is a single sentence that reads:
“Make sure to check that Limiter Cable is used in proper direction”. With the exception of a
very small arrow there are no other indicators to guide parents on proper use or warnings
regarding the importance of having the wire inserted correctly. For the purposes of this study, all
original data for these products was obtained with the headphone cable in the correct direction.
Measurements were later obtained with the wire in the incorrect direction (Figure 7). The Puro
BT2200 headphones were than capable of producing output levels up to 98.9 dBA, a whopping
12.6 dBA over the maximum output with the correct wire direction. The Puro JuniorJams were
capable of producing output levels of up to 101.7 dBA, a 9.8 dBA increase. Having brought to
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light these alarming differences in maximum output levels, it is extremely concerning that
parents are not given anything more than a single sentence to express the importance of proper

Maximum dB Output Level (dBA)

wire insertion.
105

101.7
98.9

100
95
90

91.9
86.3

85
80
75
BT2200 Premium Kids Headphones

JuniorJams

Devices
Correct Direction

Incorrect Direction

Figure 7.. Impact of Wire Direction on Maximum dBA Outputs

DISCUSSION

This study was intended to obtain data relating to the maximum dbA outputs of sixteen
pediatric marketed headphones, which could then be used to inform and educate parents on
product safety relating to pediatric marketed headphones. All data was collected during a single
test session in a sound booth using a calibrated Larson Davis sound level meter coupled to a
preamplifier. Each headphone under investigation was then connected to the preamplifier and
played the same song over three separate trials. The exact dBA fluctuations were measured
throughout the duration of the song to ensure that an accurate maximum output level was
recorded.
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Of the seventeen products tests, 88% of them exceeded the World Health Organization
(WHO) and the National Institute of Occupational Safety and Health (OSHA) recommended
85dBA safety limit. Additionally, of the twelve products tested which marketed themselves as
being volume limiting, only 16.7% of them were able to adhere to their own restrictions.
As previously stated, a limited number of studies have been conducted that investigate
the maximum output levels of headphones and even fewer that have looked specifically at
pediatric headphones. Most notably was the recent study by Dagan and Butterworth (2020) who
found that half of the thirty pediatric headphones tested were capable of exceeding the 85dB
safety limit. Although the study design by Dagan and Butterworth (2020) differs from the
present one, six of the devices tested overlapped and showed fairly similar results. Shown in
Table 4, are the dBA difference between the two studies. The largest discrepancy of 7.5 dBA
was found with the LilGadget’s Connect+ Pro device. The smallest discrepancy of only 0.4 dBA
was found with the Onandoff BuddyPhones Explore device.

Product

Manufacturer

Maximum Sound Output
Levels (dBA)
Current
Study

Dagan &
Butterworth

dBA Difference
Between
Studies

BT2200 Premium
Kids Headphones

Puro Sound
Labs

86.3

90.3

4

JuniorJams

Puro Sound
Labs

91.9

93

1.1

BuddyPhones Explore Onanoff

88.2

88.6

0.4

Jr 300-On-Earheadphones
JBLfor Kids

88.6

87.5

1.1

Connect+ Pro
ProKids Premium

105
97.9

97.5
99.5

7.5
1.6

LilGadgets
LilGadgets

Table 4. Total dBA Differences Between Studies
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Wen (2009) determined that Apple Inc. products sold in the United States have the
capacity to reach maximum sound output levels of 100-115 dB. This is consistent with the
finding of the present study which yielded a maximum dBA output of 114.5 dBA. However, it is
important to note that Wen’s study was not investigating headphones with advertised dB output
limits. Additionally, Wen’s data was collected using an older generation of the Apple iPhone
than the one used in this study. It is therefore believed that with the increasing sophistication of
technology over the past decade, and with non-output limiting headphones, these products can
likely produce far greater maximum dB outputs than those shown in either study.
With the consumer culture being what it is in today’s society. Individuals have the ability
to purchase anything they desire with a few simple clicks. With this, it can be assumed that very
little research and thought is put into making the majority of purchase decisions. The results of
this study highlight the importance of not only mandating but strictly enforcing a government
issued regulation on maximum sound outputs for pediatric marketed headphones sold in the
United States.

Although the data collected for this study focused only on the maximum dBA outputs of
these products, which most closely relates to a sudden impulse noise, there is no denying that the
majority of these devices are simply too loud for the delicate and developing auditory systems of
children. Referring to figure 5 and table 3 above, for 64.7% of products tested, users had less
than one hour of continuous use before risking potential damage. And for 11.76% of devices the
user had seconds before risking damage. The data collected cannot be used to make any
definitive statements regarding the amount of damage capable of these devices, but it can
certainly be used to suggest potential risk associated with extended use.
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With regard to product cost and risk associated, the data suggest that on average, lowerend technology is equipped with less sophisticated volume limiting features allowing them to
drastically exceed the recommended 85 dBA safe listening limit. With this in mind, it begs the
following question: Are children of lower socioeconomic standing placed at a greater risk of
developing noise induced hearing loss as the result of unsafe listening levels than children from
higher socioeconomic standing? Though the current study does not investigate the purchasing
trends of parents from difference economic backgrounds, one can assume that parents who is
struggling to support their families are less likely to opt for the more expensive options over the
cheaper ones. With this as a potential factor and the current trends displayed in this study, it
would not be completely out of line to suggest that children from lower income households are
then placed at a greater risk from developing noise induced hearing loss as the result of unsafe
products. Only further supporting the notion that the United States needs to adopt and enforce a
government issued regulation on products sold in the U.S to ensure that all children are protected
equally.

For the time begin however, it is recommended that all practicing clinicians, educators
and parents be properly informed of the risks displayed in the present study. Not only is it
imperative that we educate our children about the dangers related to environmental noise
exposure but also work to demonstrate and develop safe listening habits to ensure that auditory
damage as the result of avoidable recreational noise exposure be prevented. In 2012 the National
Institute of Health developed the nation’s first public education campaign titles, “It’s A Noisy
Planet”, which is aimed at increasing awareness of the causes and prevention of noise induced
hearing loss for preteen children (8-12 years old), their families, and educators. Their website
(https://www.noisyplanet.nidcd.nih.gov) offers free educational materials and resources on
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numerous topics aimed at protecting children from noise. In 2019, It’s A Noisy Planet published
an article that addresses the concerns surrounding the validity and safety of “volume-limiting”
headphones. In this article titled “Are Volume-Limiting Headphones Safe for Your Child?”
authors mentioned the same 2016, Wirecutter study which found that up to one-third of devices
under investigation exceeded the allowed 85 dBA output limit. It also encouraged parents to
continuously supervise their children when using personal listening devices and encourage
children to reduce the volume to a safe level (NIH, 2019). Dr. James Battey, Jr., M.D., Ph.D.,
retired Director of the National Institute on Deafness and Other Communication Disorders
(NIDCD) offered the following suggestion to ensuring safe listening habits: “If a parent is an
arm’s length away, a child wearing headphones should still be able to hear when asked a
question” (Louise, 2016). If not, the child is likely listening to their headphones at too high a
volume.

As previously discussed, the effects of prolonged noise exposure on the auditory systems
of children is more likely to present itself as cochlear synaptopathy, as opposed to a measurable
threshold shift related to sensory cell loss (Kujawa and Liberman, 2006). Unfortunately, current
diagnostic measured (i.e. threshold audiometry, OAE, ABR, and EcochG) are not sensitive
enough to identify or measure the severity of cochlear damage resulting from cochlear
synaptopathy (Barbee, et. al, 2018) (Liberman, Epstein, Cleveland, Wang, & Maison, 2016). It is
thereby recommended that children learn to practice safe listening habits to avoid the potential
for completely preventable cochlear synaptopathy.
Unfortunately, the results of this study reveal that manufacturer claims of “output
limiting software” or “child safe devices” cannot be fully trusted. Therefore, there is simply no
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substitution for the monitoring and enforcement of safe listening habits in children. It is
suggested that parents not only limit the volume to no more than 80% of the maximum output
but also limit the duration in which a child is able to utilize personal listening devices to no more
than 90 minutes a day. Shown in Appendix A is an educational handout that can be used by
parents, clinicians and educators to teach children about the risks associated with noise exposure
and help promote healthy listening habits. Since 24/7 monitoring is nearly impossible for most
busy parents, thankfully both Apple and Android products have either settings controls and/or
downloadable applications to help parents enforce safe listening habits. Within most Apple
products, parents can simply access a volume limiting feature from the device’s settings. This
allows you to set where you would like the devices maximum volume to be. Additionally,
several apps are available within the Apple App Store or Google Play to help enforce volume
limits for a range of different devices.

In summary, parents should always demonstrate caution when permitting the use of
pediatric headphones due to the safety limitations of these devices. Below is a list of seven
suggestions for parents to promote healthy listening habits and protect the auditory systems of
their children.

1. While still potentially dangerous, higher end devices (greater than $50.00) have
been found to have lower maximum output levels and are preferable
2. The volume setting should not exceed 80% of the maximum volume when
listening/steaming any media,
3. Duration of use should be limited to no more than 90 minutes per day.
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4. Downloadable applications within the streaming device itself (i.e. cellphone,
tablet, computer, etc.) should be used to set parental volume control limits.
5. Monitor your child’s usage and ensure proper use of headphones (i.e. if auxiliary
cable is labeled with a specific direction, be sure to abide by this).
6. Utilize ear protection (earplugs or earmuffs) when in situations with dangerously
high noise levels (i.e. concerts, fireworks, sporting events, etc.)
7. Make sure to make your child aware of the potential dangers of selected types of
noise, especially those most damaging to hearing (see Appendix A).

Limitations and Suggestions for Future Research

A major limitation of this study is its overall design. The present study measured
maximum output levels of pediatric headphones using instrumentation that is not fully applicable
to the exact sound levels produced at the level of the eardrum within a pediatric population. The
reason for this is quite simple. The ear canal of humans acts as a ¼ wavelength resonator with
incoming sound resulting in an increase in sound pressure levels at the eardrum. This is known
as either the head-related transfer function (HRTF) or the transfer function of the open ear
(TFOE) [31]. Described by researchers Berger, Megerson and Stargar (2009), the HRTF utilizes
the ear’s natural amplification characteristics to produce output measurements of up to 10 dB
greater at the level of the eardrum than measurements made within the sound field or even at ear
level. The HRTF is most sensitive to sounds within the 2-4 kHz frequency range. On account of
this feature of the human auditory system, the current International Electrotechnical
Commissions (IEC) recommendation for testing headphones is to use the IEC 60318-4 ear
stimulator, as it generates the exact sound pressure level at the eardrum for the median adult ear
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[31]. This ear stimulator can be found in many acoustic manikins such as the Knowles Electronic
Manikin for Acoustic Research. Better known a KEMAR. Additionally, sound pressure levels
measured at the level of the eardrum are greater in pediatric ears than adult ears due to the
difference in ear canal volume and ear canal length (Bingham, Jenstad, & Shahnaz, 2009)
(Petrak, 2003). In fact, researchers have determined that the SPL difference between adult and
infant ear canals could be upwards of 20 dB higher (Petrak, 2003).

Unfortunately, there are presently no such products on the market that mimic a pediatric
ear to be used for acoustic research. Additionally, as the performing the present study on human
subjects would be unethical since it would risk the auditory health of the subject. It is therefore
suggested that future researchers conduct the present study using a calibrated KEMAR system.
They would then need to determine a real ear correction factor between the present adult
KEMAR model available and the pediatric sized ears under investigation. Often this correction
factor is referred to as the real ear to coupler difference (RECD). To assess this, future
researchers would need to collect subjects within a desired age range and perform real-ear
measurements with a probe microphone placed in the child’s ear canal. Output measurements
would need to be performed on each of the children and compared to those obtained using the
adult KEMAR model. The difference between the real-ear and KEMAR measurements would be
used as the RECD. This measurement difference could then be added to the maximum output
levels obtained for each headphone to derive more population specific measurements. Thereby
increasing both the internal and external validity of the study.
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Appendix A.

*Note-A Flesch-Kincaid readability test was conducted on the following educational handout to
ensure that the content did not exceed a fifth-grade reading level as recommended by the Center
for Disease Control and Prevention (CDC, 2009).
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